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PRIMARY pontine hemorrhage is a relatively rare condition compared with supratentorial cerebral hemorrhage. It is generally accepted that about 10% of all cerebral hemorrhages occur in the pons, 1 "* and the symptoms of this kind of hemorrhage have been of interest to clinicians for over a century. 10 Clinicopathological investigations, however, were rather scarce at the time KSrnyey (1939) 1 reported his clinical and anatomic study of this condition. Epstein (1951) 2 reported clinical and pathological findings of 7 patients with primary pontine hemorrhage studied over a 33-year period. Silverstein (1972) ' reviewed past research on primary pontine hemorrhage and presented a clinicopathological series of 50 patients.
Calculations of the volume of a pontine hemorrhage and its correlations to clinical symptoms were not included in previous publications. 1 " 8 The authors have investigated this correlation and present the results of their findings.
Methods
For the study of primary pontine hemorrhage, 38 clinical observations were available with 19 autopsies. One of these, in which the origin of hemorrhage was From the Department of Neuroanatomy, Nihon University School of Medicine, 30 Oyaguchi, Itabashi, Tokyo 173, Japan (Dr. Goto) and the Department of Neurosurgery, Hamamatsu Medical Center Hospital, 328 Tomizuka, Hamamatsu, Shizuoka 432, Japan (Drs. Kaneko, Hosaka and Koga).
Reprints: Dr. Goto. easily detected, due to arteriovenous malformation in the midbrain, was excluded. In the remaining 18 patients no evidence of traumatic injury, neoplasm, supratentorial mass effect, or blood dyscrasia, described in previous publications, 4 ' 7 was found. The condition most likely to lead to primary pontine hemorrhage was hypertension, which affected about two-thirds of the patients. The brain stems and cerebelli, including the diencephali of 18 patients, were cut transversely into sections about 1 cm thick after fixation in a 10% solution of formalin. After macroscopic observations, photographs were taken of the sections containing hematomas together with a scale for measurements. Each color transparency was enlarged to exactly the original brain size using a photographic enlarging apparatus, and traced on paper. Then the area of the hematoma on each trace was measured with a modular optical planimeter (Digiplan, Kontron Co.). The volume of the hematomas was calculated from the average measured sectional areas and the length of their axial extensions.
For histological investigations, the sections were fixed in a solution of 5% potassium dichromate and 5% potassium chromate with several changes of solution for 3 weeks after the macroscopic observations. The sections were then washed in running water, dehydrated with alcohol, embedded in celloidin, cut in 30jt-thick slices, and stained in the following ways: Kultschitzky's method for myelin, method of Klflver and Barrera, Goldner's modification for Masson's tri-
chrome stain, phosphotungstic acid hematoxylin stain, hematoxylin and eosin.
Results 1) Age: The age of patients at the onset of pontine hemorrhage was between 40 and 70 years. The average age was 53.7 years. 2) Sex: This series comprised 12 males and 6 females. 3) Duration of Survival: Survival after onset ranged from 2 to 9Vi mo. 4) Clinical Manifestations: The main clinical signs and symptoms, blood pressures on admission and past histories of hypertension are given in tables 1 and 2. 5) Initial Sites of Bleeding: From macroscopic and microscopic investigations of the 18 autopsied patients, 2 different areas of the brain stem were found to be the site of initiation of bleeding in primary pontine hemorrhage. The initial sites of bleeding were determined as follows: in a massive hemorrhage, the area of hemorrhage mainly consisted of blood clot without mixture of nervous tissue. In this instance the initial site of hemorrhage, in most cases, is located in its center, but the peripheral parts of the hemorrhage may contain mixtures of small blood clots and nerve tissue. Using this definition, we found that hemorrhage started from the median border area between basilar and tegmental parts at the middle level of the pons in 15 patients. This group, designated as the "tegmentobasilar type," can be divided into 2 further sub-groups: upper and lower. Nine patients belonged to the upper sub-group, and 6 to the lower sub-group. Three patients showed the beginning of hemorrhage on one side of the tegmentum at the middle level of the pons (tegmental type). The sites of hemorrhage and the number of patients are shown in figure 1. 6) Development of the Hematomas ( fig. 2 ): In the tegmentobasilar type, the spread of pontine hematomas can occur in 3 different directions as follows: 1) extension to the opposite side which results in bilateral hematoma, 2) ventrodorsal extension, 3) upward extension. Bilateral and ventrodorsal extension were observed in 15 patients and upward extension occurred in 13. In 12 patients hemorrhages spontaneously broke into the fourth ventricle as the result of ventrodorsal extension. With upward extension, the hematomas reached the midbrain in 11 patients, and the thalamus in 2. In 5, hematomas were localized within the pons. No direct extension of a hemorrhage was observed into the medulla oblongata. In the tegmental type, the hematomas were localized in the tegmentum on one side with slight upward extension limited to the pons. 7) Volumes of the Hematomas: Hematoma volumes in all patients collected in the study, are shown in table 1. The volumes include the intraventricular mass of hemorrhage as it is often not clearly distinguishable from the intracerebral hemorrhage because of the destruction of pontine structures. The intraventricular fluid blood from the intracerebral hemorrhage which did not form a mass, even after fixation, was not included in the measurements.
In 3 patients operated upon, the volumes listed in the table refer to the hematomas which were not removed during the operation.
In the 15 non-operated patients, the volumes ranged from 2.39 ml to 96.99 ml (under 40 ml in 13).
Patient I (A-348)
A 66-year-old woman suddenly complained of vertigo, and immediately lost consciousness. On admission, the patient was in deep coma, showing no reaction to painful stimuli, with weak, regular respiration, fixed dilated pupils, fixed eyes in midposition without any ocular movement, no corneal reflexes, and decerebrate rigidity with a posture of hyperextended and pronated extremities. Her blood pressure was 198/104 mm Hg and her CSF was bloody. The patient was diagnosed as having primary pontine hemorrhage of the fulminant type, and she was treated conservatively. She died 4 days after the onset. Past history showed a preexistent hypertension which had been controlled with medication for 3 years.
An autopsy examination disclosed that the brain weighed 1,380 g; moderate scattered atheromatous plaques were found in the basal arteries of the brain; cerebral gyri were flattened on both sides; uncal herniation was observed on the right, and marked bilateral prominent tonsillar herniations were present.
Upon sectioning of the brain, a bilateral pontine hematoma was found which extended from the deep basilar part of the pons to the tegmentum with marked destruction of pontine structures. The hemorrhage seemed to have started from the median border area between the basis and the tegmentum slightly above the level of the midpons, with rupture into the fourth ventricle ( fig. 3 ). The hematoma extended upward and bilaterally, into the midbrain tegmentum ( fig. 4 ), and continued into the ventral parts of the dorsomedial thalamic nuclei on both sides. No macroscopic changes were observed in the telencephalon and the medulla oblongata.
The volume of the hematoma, measured and calculated as mentioned before, was 41.47 ml.
Histological examination snowed only lamellar fibrin networks mingled in the blood clot, but no abnormal vessels nor ruptured microaneurysms.
Pathological diagnosis: Primary pontine hemorrhage (tegmentobasilar type) with extension to the midbrain and the thalamus, and rupture into the fourth ventricle.
Patient II (A-275)
A 69-year-old man who was hypertensive for 5 years and had not been treated properly, suddenly lost consciousness after complaining of nausea and headache.
On admission, his level of consciousness varied from stupor to coma. His blood pressure was 250/110 mm Hg; his respiration was irregular, and his pupils were myotic, 1.5 mm in diameter for both eyes. A left hemifacial palsy and right hemiparesis were found. Sensory loss of the right half of the body, including the STROKE VOL 11, No 1, JANUARY-FEBRUARY 1980 
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; TB ™ face, was suspected by his reaction to noxious stimuli. His tendon reflexes biceps, triceps, supinator, quadriceps, and ankle jerks were all reduced on both sides. He had bilateral extensor plantar responses and the clinical picture indicated that the patient had a vascular lesion in the left pontine tegmentum. Air ventriculography was performed and showed a mass lesion in the suspected area.
Two hours after onset, he was operated upon to remove the hematoma, which was seen through the floor of the fourth ventricle at the level of the facial colliculus on the left. The volume of the hematoma removed was 3 to 4 ml. After the operation, his irregular respiration improved immediately.
On the seventh day, he showed good response to verbal commands and regained movements of the left arm and leg, subsequently of the right arm and leg. Horizontal ocular movements were strikingly disturbed, showing no movements of the left eye which was fixed in mid-position and slow movements of the abducted right eye up to the mid-line (one-and-a-half syndrome").
The patient had a gastrocutaneous fistula because of severe difficulty in swallowing due to pseudobulbar palsy. He continued to have a left peripheral facial palsy, right hemiparesis and dysarthria, until his death due to pneumonia 9' A months after onset.
At autopsy his brain weighed 1,300 g. Atheromatous plaques were observed all over the basal arteries. The basilar artery was thrombosed in its first third, with the lumen occluded 60 to 90% over about 10 mm. The thrombus was histologically well organized.
The brain stem and the cerebellum were sliced to make complete serial sections for a precise localization of the lesion and secondary changes. At the transverse sections through the facial colliculus, a focus of softening was observed, located in the left PRIMARY PONTINE HEMORRHAGE/Gofo el al. pontine tegmentum with a small 0.5 ml hematoma remaining in its center ( fig. 5 ). The softening lesion extended orocaudally within one side of the pontine tegmentum. At higher levels the sections revealed a small cavity between the small hematoma and the surrounding softened area. An accumulation of foam cells could be seen around the hematoma and the cavity, but there was no proliferation of capillaries. The ipsilateral facial root was not stained due to complete degeneration. The left reticular formation was almost completely destroyed longitudinally except a part of it near the medial lemniscus. No central tegmental tract could be observed on that side. There was moderate degeneration in the right medial longitudinal fasciculus. In the medulla oblongata, a pseudohypertrophy of the olivary nucleus was observed on the left. The medial lemnisci were destroyed bilaterally in the pontine lesion, and showed orocaudal degeneration. The nerve cells of the nucleus ambiguus showed secondary sclerotic changes, especially on the left.
Pathological diagnosis: Primary pontine hemorrhage (left tegmental type) accompanied by basilar artery thrombosis.
Discussion
Clinicopathological Correlations
In the series of primary pontine hemorrhages collected here, it was often difficult to use symptoms on admission, especially in the tegmentobasilar type, to accurately diagnose the site of hemorrhage because of rapid progression, and often deep coma.
In 8 patients tetraplegia and hemiplegia alternans were highly suggestive of a pontine lesion. In 5 of these patients hemorrhages developed in the basilar part of the pons to destroy the bilateral pyramidal tracts. In 3 patients who had hemiplegia alternans facialis on admission, the ipsilateral pyramidal tract was found to be compressed.
Disturbances of horizontal eye movements were 
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observed in 6 patients, and vertical involuntary eye movements in 3. These symptoms were helpful in diagnosis and indicated more precisely the location of a lesion involving the ipsilateral or bilateral pontine tegmentum, generally slightly below the middle level. 9 Twelve patients had decerebrate posture which in- dicated additional destruction or dysfunction of the midbrain.
In the tegmental hemorrhages, the characteristic symptoms correlated with the site of the lesion. The symptoms included hemiplegia alternans facialis, Foville's syndrome, and, in addition, the "one-and-ahalf syndrome."' Respiratory disturbances comprising irregular, stertorous, frequent, shallow, slow labored, and failure of respiration were observed in 11 patients. In these patients lesions were found in the bilateral tegmentobasilar or the ipsilateral tegmental parts of the pons.
Myosis (pinpoint or constricted pupils) has been considered one of the typical diagnostic signs since Magoun et al (1938) 11 noted it was due to a disorder of the sympathetic pupillary pathways in the pontine tegmentum. This sign was seen only in 9 patients in spite of extensive destruction of the pontine tegmentum in all patients, Steegmann (1951) 10 observed it in 14 cases (65%) and Silverstein (1973) Twelve patients had a history of hypertension, 6 under medical control, and no information about treatment of 6 others was available. Four patients had no history of hypertension and no information was available about pre-existing hypertension for the other 2.
Sites of Bleeding
In the tegmentobasilar type of hematoma, ruptured vessels are arterial in view of the mode of onset and the speed of the formation and the quantity of the hematoma. No histological proof has been obtained to support this as yet. The sites and frequencies of bleeding show in figure 6 that the common sites of hemorrhage are between c and b, and in d.
In the tegmental type of hematoma the initiation of bleeding is thought to occur on one side of the tegmentum at the level of midpons, but no ruptured vessels could be histologically identified. The origin of ruptures could be capillary or venous in view of the mode of the onset of these hematomas.
Development of Hemorrhage
The distinctive features in the development of tegmentobasilar hematomas are: 1) hemorrhage and destruction can be extensive in comparison with the other type; 2) hemorrhages easily extend to the opposite side; 3) they can extend tegmentobasilarly; 4) they may break into the fourth ventricle; 5) they can easily extend upward to destroy the midbrain; and 6) no direct extension of a hemorrhage into the medulla oblongata was observed.
In the tegmental type the characteristic features are: 1) hemorrhages have a tendency to extend upward; 2) they are always localized on one side of the tegmentum; 3) no extension outside the pons were seen; 4) the destruction in the pons is limited in comparison with the other type; and 5) these hemorrhages may break spontaneously into the fourth ventricle.
Volumes of the Hematomas
In the study of primary pontine hemorrhage calculations of the volume of hemorrhage have not been included in previous publications. 17 The volumes of the hematomas found in this study are listed in table 1. The characteristic features of the volume of primary pontine hemorrhage are summarized as follows: 1) hematomas localized in the tegmentum are generally under 10 ml in volume; 2) hematomas localized in the pons (tegmentum and basis) can be up to about 20 ml in volume; 3) hematomas of the tegmentobasilar type can be up to 40 ml in volume when they extend into the midbrain; and 4) hemorrhages reaching the thalamus are usually over 40 ml in volume.
These findings can be useful to supplement findings obtained by computerized tomography. Using this technique a rough idea of the volume of a hematoma can thus be obtained, and then they can be classified as to size and inferences can be made about their site and extension. FIGURE 6 . Arterial supply from the basilar artery to the median pontine areas (Goto).
No histological proof of the causes of the primary pontine hemorrhage could be detected. It is possible that the tegmentobasilar hematoma might be due to rupture of an abnormal vessel such as cryptic arteriovenous malformation, microaneurysm, or angionecrosis. In the tegmental hematoma occlusive arterial disease with hemorrhagic infarction is thought to be the most probable pathogenesis.
